The sustainable development rule implementation is tested by the application of chemometrics in the field of environmental pollution. A data set consisting of Cd, Pb, Cr, Zn, Cu, Mn, Ni, and Fe content in bottom sediment samples collected in the Odra River (Germany/Poland) is treated using cluster analysis (CA), principal component analysis (PCA), and source apportionment techniques. Cluster analysis clearly shows that pollution on the German bank is higher than on the Polish bank. Two latent factors extracted by PCA explain over 88 % of the total variance of the system, allowing identification of the dominant "semi-natural" and "anthropogenic" pollution sources in the river ecosystem. The complexity of the system is proved by MLR analysis of the absolute principal component scores (APCS). The apportioning clearly shows that Cd, Pb, Cr, Zn and Cu participate in an "anthropogenic" source profile, whereas Fe and Mn are "semi-natural". Multiple regression analysis indicates that for particular elements not described by the model, the amounts vary from 4.2 % (Mn) to 13.1 % (Cr). The element Ni participates to some extent to each source and, in this way, is neither pure "semi-natural" nor pure "anthropogenic". Apportioning indicates that the whole heavy metal pollution in the investigated river reach is 12510.45 mg·kg −1 . The contribution of pollutants originating from "anthropogenic sources" is 9.04 % and from "semi-natural" sources is 86.53 % .
Introduction
Chemometry is the area of science and technology devised to elicit all kinds of useful information from multidimensional data (measurement results), based upon the statistical and mathematical methods. Thus defined chemometry, was developed in the middle of the 20 th century in response to the needs of the chemical industry [1] . At present, chemometric methods are indispensable in solving many scientific and practical problems in the field of chemistry, environment protection, medicine, biology, forensic science, industry and others [2] [3] [4] [5] [6] .
The limits of human recognition not only depend on the performance and quality of human organs, especially of sight and hearing, but also on applied instrumentation and on the efficiency of chemometric methods. There is a growing importance of chemometric methods in chemistry because they offer solutions to problems involving highly complex calculation that are required for the complete information about objects, processes, and phenomena. The use of chemometric methods is indispensable not only for calculations. There are many objects, processes, and phenomena which are "hidden", i.e., not directly accessible. The accessibility of this information increasingly depends upon chemometric methods, by which the final interpretation of measured data can be reliably performed [7] .
The application of chemometrics is widespread. The domain in which the application of the chemometric techniques has become necessary is the modern concept of sustainable development [8] [9] [10] . Awareness of the sustainable development is derived from a Brundtlund Commission Report titled "Our Common Future", written in 1987. Important conferences at which the problem of sustainable development was discussed on a global scale were at the Conference on Environment and Development -Rio Summit in 1992 and the World Summit on Sustainable Development -Johannesburg in 2002.
The report mentioned above focuses on the adverse environmental impact of rapid economic development, especially in the most advanced economies. It indicates the harmful effects of following the current unsustainable economic model of world development. Economic growth has resulted in alarming levels of pollution throughout the world, threatening human health and the environment, and has created a huge disparity of living standards between the developed and developing nations.
In recent years, the issue of sustainability has been considered from many points of view [11] [12] [13] [14] [15] . First and foremost, there is the need to explore the scientific basis of sustainability. It is important to know the contribution of each scientific discipline to the debate on technological choices, offering sustainable pathways in ecology, chemistry, engineering, and economics. Another interesting problem is establishing a relationship between the progress in sustainable development and the methods used for the measurement of this sustainability. The relevant question in this context is can we define sustainability in terms of measurable entities (metrics)?
There are various approaches for classifying, modelling and interpreting specific chemical and physical quality indicators for a specific environment in the environmental sciences. Often data from environmental monitoring are subject to multivariate statistical treatment [16] [17] [18] in order to identify and apportion the polluting impact of different pollution sources. These approaches are named "data mining", "intelligent data analysis", "chemometrics" and "environmetrics". Their common goal is to find those sources of pollution that interfere with the life quality in a certain region and to help in the assessment of the issues of sustainability.
The professionals dealing with social, environmental, and economic sustainability indicators include chemical engineers, economists, ecologists and others. They have their own research instruments and consider the whole sphere of sustainability as a purely industrial problem: how do you produce more product, better and cheaper but in an environmentally friendly way, without social pressure on the industry and with new raw materials and alternative energy sources. Chemometricians, on the other hand, concentrate their efforts on more and more sophisticated approaches to reach proper data interpretation by monitoring data sets that originate from soil, sediment, surface water, and atmospheric samples. Both groups of researchers do not seem to be interested in the work of the other.
There is a lack of effort to combine a comprehensive analysis of different indicators, to arrange them in suitable matrices, and to prepare them for multivariate statistical treatment. The sustainability metrics will be much improved if it becomes a subject of chemometric analysis. We hope that soon the studies of various relationships and connections between industrial factors and environmental quality, as well as the social response to them will be a prerogative of chemometricians.
The aim of the present paper is to demonstrate the opportunities offered by some already traditional environmetric methods assessing the environmental quality in a boundary region. Cluster analysis, principal components analysis, and source apportionment techniques are applied to a quantitative assessment of heavy metal pollution sources as determined in bottom sediments from the middle part of Odra River in the boundary section of the river between Poland and Germany. Element partitioning in the bottom sediments provides an indication of the risk of toxicity and indirectly enables the drawing of conclusions about environmental pollution [19] [20] [21] [22] .
Experimental

Sampling sites
The study was carried out in 2002 on samples collected along a 75 km section of the middle Odra River, between the Nysa Lużycka River estuary (544 km) and that of the Warta River (619 km). Seven cross-sections were demarcated as shown in Figure 1 , and the samples from German bank (A), Polish bank (C) and from the middle part of the riverbed (B) were collected during an eight hour survey. Based on long-term observation, the mean annual flow of the Odra River is estimated at 270 m 3 ·s −1 [23] , while the summary annual flow of smaller tributaries (without the Nysa Lużycka River) is estimated at 5 m 3 ·s −1 . These values permitted us to make an assumption that the smaller tributaries do not contribute significantly the Odra River pollution between 3 rd and 7 th cross-sections. The samples from middle part of the riverbed and from the Polish bank at cross-section 2 were not collected because of economic reasons and the lack of meaningful tributaries at the Polish site that are known to be possible pollution sources. On the contrary, the mean annual flow for Nysa Lużycka is estimated at 25 m 3 ·s −1 (almost 10 % of Odra River flow). Additionally, the Odra-Sprewa channel is located in the close vicinity of the city of Eissenhuttenstadt. Keeping in mind that this area has intensive agricultural activity (fruit cultures, market gardening) in the German territory, we decided to get an additional sample from the German bank (2A) anticipating that the agricultural runoff would have a considerable impact on the Odra River bottom's sediment pollution. The rest of locations were comparably affected by different anthropogenic sources of pollution (factories, traffic emissions, agricultural and urban activities). The characteristics of each cross-section are summarized in Table 1 .
Sediment fractionation and analytical methods
Bottom sediments were collected using a tubular scoop-type hand corer made of stainless steel and taken from the board of the boat. The sediment samples were homogenized in an agate mortar and were dry sieved to separate the required fractions from ∼250 g bulk sediment. In order to avoid sample contamination, nylon sieves were used. Samples were subjected to sequential extraction according to a modified Tessier procedure [24] ; the particular steps are presented in Table 2 . The total content of heavy metals and the metals in solution that were obtained after each step of the sequential extraction were determined by AAS (Perkin Elmer, AAnalyst 300, USA). Cadmium content was determined using GF-AAS. In order to assess the reproducibility of the results, the experiment was conducted using 5 parallel samples. A detailed description of the experimental methods, their calibration and validation, can be found elsewhere [25, 26] . An analysis of the Standard Reference Materials LKSD-2 (Canadian Lake Sediment) and SRM 2711 (Montana Soil -agricultural soil) was carried out. The reference materials were subjected to the same analytical procedure as the bottom sediment samples. Recoveries of the heavy metals were as follows: Cu-88 % , Pb-86 % , Ni-82 % , Cr-79 % , Mn-85 % , Zn-88 % and Fe 79 % .
Statistical methods and software
The objective of the cluster analysis (CA) is to identify relatively similar, that is homogeneous, groups of objects in the space of the features measured. Cluster analysis is also called the unsupervised learning technique, because the group membership of all objects and the number of possible groups are unknown before starting the computation [27] . Various measures of the similarity with respect to the distance between objects in the featured space and the different algorithms for cluster finding are applied. In this Table 2 The modified scheme of sequential extraction according to Tessier [16] , used in the study. Step 4 Fraction IV 4.5 ml 10 M HNO 3 + 3x3 ml H 2 O 2 , time 1 h + 15 ml H 2 O), time 0.5 h, boiling point
Step 5 Fraction V paper, the agglomerative hierarchical cluster according to Ward was applied to detect multivariate similarities between the standardized total contents of heavy metals in the bottom sediment samples. Ward's method yields clearly structured and relatively stable clusters over a wide range of similarities. Multivariate analysis has to be applied so as to identify the pollution sources of each metal. Factor analysis is a useful tool for extracting latent information, that is relationships between variables that are not directly observable. Many problems in chemistry and other technical fields are strongly related to PCA. This technique is also known as eigenvector analysis, eigenvector decomposition, or the Karhunen-Loéve expansion [28] [29] [30] [31] . The main purpose of PCA is to represent in an economic way, the location of samples on a reduced coordinate system. PCA transforms the original data matrix into a product of two matrices; one which contains the information about the objects, and the other contains information about the variables. More often, several principal components provide a good summary of all the original variables. Loadings and score plots are very useful as display tools for examining the relationships between the characters and between the samples, respectively, providing the information on trends, groupings, or outliers. Usually, a limited number of components is subjected to a rotation using a criterion such as varimax. After PCA rotation, the resulting components are often found to be more representative than individual in the underlying sources of variation [32] . This, in turn, results in more interpretable and useful PCs. The merits of PCA rotation in analysis of environmental samples data are discussed in literature [33] [34] [35] .
The PCA technique is commonly connected with a source apportionment analysis, which is an important environmetric approach that aims to estimate the contribution of sources identified by PCA toward the content of each parameter investigated [36] . After using PCS to determine the number and identity of possible sources affecting the samples, the source contribution is calculated using multiple regression of the sample mass content on the absolute principal component scores (APCS). This enables the determination of the contribution of each possible source to the mass of each chemical variable. In this way it is much easier to understand the quantitative contribution of each source (identified as a latent factor) to the pollution.
A commercial statistics software package, Statistica 6.0 for Windows was used for chemometric data mining [37] .
Results and discussion
According to the modified Tessier procedure [24] , the fractionation is understood as follows: fraction I -exchangeable fraction, fraction II -metals bonded to carbonates, fraction III -metals bonded with hydrated iron and manganese oxides, fraction IV -metals bonded with organic matter, and fraction V -the mineral fraction. The partitioning patterns for each metal are shown in Figure 2 . The distribution of the metals in bottom sediments is tested by comparing the total content sums throughout the extraction procedure. The results of the determination of Cd, Cu, Cr, Fe, Mn, Ni, Pb and Ni in the form of total content [mg·kg −1 ] of metal found as the sum of the content extracted at the individual stages of the sequential analysis, the maximum and minimum contents, the standard deviation and the skewness factor, which indicates the normality of the element content distribution in the bottom sediment samples compared with the PIG, LAWA and EPA guidelines for sediments are given in Table 3 . The mean content of heavy metals found in the samples collected from the German bank are as follows (mg·kg [40] . In the Polish legislation, the PIG guidelines have been proposed but are not yet mandatory. In the LAWA guidelines, the first permanent criterion for classification states that the foreign matter should not be present in the environment at concentration levels higher than the LOD of currently available analytical techniques. The second criterion is created by the target content levels of heavy metals, which provide a sufficient protection level of the water organisms. According to the Polish classification, the bottom sediments are recognized as material for utilization. The bottom sediments belonging to category I and II can be used arbitrarily in land or water environments (fertilizers, strands reproduction, dyke building). The sediments belonging to the third category can be relocated to specified water reservoirs or applied on land to a limited degree. Category IV includes the bottom sediments that have to be purified before use in the environment or should be relocated to safety storage areas. The PIG guidelines for sediments are more restrictive than LAWA, but closer to those of EPA, in which the target values are estimated by taking the harmful impact of heavy metals on the organisms living in water into account [41] . These criteria are shown in Table 3 . Except for the sample 2A, all sediments are classified as non-heavily polluted, according to PIG and LAWA classification. With respect to Ni, Cu, Zn and Cr, the majority of sediments are characterized as not or negligibly polluted. According to both PIG and LAWA guidelines, 63 % (PIG) and 89 % (LAWA) of bottom sediment samples are negligibly polluted with lead. Measured against the EPA guidelines, only 4 samples are classified as heavily polluted with Pb, 3 samples are heavily polluted with Cu, and 2 samples are heavily polluted with Mn. Depending upon the element investigated, the number of moderately polluted sampling sites varies between 1 and 2. The lowest pollution is observed for Cr and Ni in all the classification quality guidelines that were compared. Based upon the heavy metal content, it appears that despite the numerous sources of pollutants present, the Odra River reservoir can be classified as negligibly polluted.
The percent contribution of a particular fraction of heavy metals by sequential analysis as given in Figure 2 , permits the estimation of the migration possibilities of individual metals, and hence, their potential bioavailability to living organisms. The most mobile forms of heavy metals occur in fractions I and II, that is in the exchangeable fraction and the fraction that binds with carbonates. Some authors have investigated the metal content within these fractions providing an opportunity to determine the level of mobility in bottom sediments [42, 43] . These investigations provide information with respect to environmental risk. The metals bonded with carbonates can penetrate the bulk water easily when the pH decreases in the river, and thus their content in fractions I and II strongly depends on the water conditions. In the bottom sediments, Cd, Pb and Cr are not detected in the exchange fraction, but are bonded with carbonates in the amount of ∼35 % (Cd), ∼25 % (Pb) and ∼13 % (Cr) of the total content. The elements Zn, Ni, Cu and Mn appear in the exchange fraction but their amounts, except for Mn, do not exceed 10 % , and their concentrations in fraction II varies between 25 % (Zn) and 35 % (Cu). The concentration of iron is quite low in the bioavailable fractions (0.4 % -fraction I, 2-3 % -fraction II).
Cluster Analysis (CA)
The dendrogram of the sediment pattern resulting from the CA according to Ward is presented in Figure 3 . Using the CA method, the different pollution states of the river banks are clearly distinguished. As shown in Figure 3 , there are two different groups of sediments in the Odra River, and the division is strongly correlated with the location of the major pollution sources along the shore of the river. In order to interpret the dendrogram more easily, we included a grey-scale map (Fig. 4) of the standardized contents of heavy metals in bottom sediments collected at the nineteen locations. This is not a common feature of dendrograms. The map clearly enhances the interpretability, and its use is recommended by many authors [17] .
In general, samples clustered in group I are characterized by a higher content of heavy metals. Samples collected at 1A, 6A (German bank) and 4C (Polish bank) are characterized by a similar, high content of Cd, Pb, Cr, Zn and Cu. Samples collected near to S lubice-Frankfurt on Odra at the German site are strongly polluted by Fe and Mn. The content of all heavy metals dramatically increases above the estuary of the OdraSprewa channel (2A), and this indicates that there may be a lot of industrial factories and land with intense agricultural cultivation on the German bank.
Table 3
Metal content, comparison to PIG, LAWA and EPA guideliness for sediments and major statistics of the bulk samples (the specific guidelines values for each classification system is presented in italic style below of number of sediment samples). 
Principal component analysis (PCA)
Application of the multivariate technique, PCA, to the matrix of eight features (total content of Cd, Cu, Cr, Fe, Mn, Ni, Pb, Ni) and 19 samples of the Odra River sediments, two components are extracted describing approximately 88 % of the common variance (Table 4) . It should be emphasized that the mean mixing distance of lotic system was not examined in detail. This decision was based upon the following statements: (1) the flow rate of the river changes seasonally due to water quantity, and the flow rate can change with the shape of river bank and the depth of the river reach; (2) the mean annual flow of left or right-located tributaries (between 3 rd and 7 th cross-sections) is estimated as less than 2 % of the mean annual flow of Odra River and as such should not significantly influence the main stream; (3) the bottom sediment samples pollution is partially connected with the existence of hard to define diffuse sources (i.e. surface flow or agricultural flow) with unknown inflow dynamics and magnitudes; (4) the width of the Odra River varies from 70 to 100 m in the area investigated, and the diffuse sources of pollution introduced on one bank should not have any significant impact on the quality of bottom sediment at the other bank; and (5) the chemical composition of bottom sediments is a result of a long-term accumulation process, whereas the sampling campaign took place during a one-day survey. Keeping these reasons in mind coupled with the lack of data concerning the cross-sections river profile, we omitted the mean mixing distance of the lotic system discussion, but we are aware that this problem should be investigated in future. In order to interpret a group of variables associated with a particular factor, only loadings higher than 0.7 are considered reliable. After a normalized varimax rotation, it is possible to isolate precisely the factors that could represent the groups of pollutants. The PC1 describes 71,5 % of the common variance and is highly loaded with Cd, Pb, Cr, Cu, Zn and Ni. This factor could be named as "anthropogenic", because the metals are apparently derived from a large number of evenly distributed contamination sources, either extensively (dust fall-out, rock denudation, water eroded soils that have been consistently over-fertilized using fertilizers for Cd, Cr, Pb and Zn) [44] , from a large number of inputs of municipal and industrial waste, especially in the lower part of the river (metal-plating bath, production of lead glass, batteries, enamel and H 2 SO 4 , steelworks and metallurgical facilities), or from tributaries carrying homogenized contaminated fine-grained matter. Similar results are obtained by other authors [19-22, 27, 38, 45-49] . Mn and Fe are contrarily loaded in PC2 (16,7 % of the common variance explained) and understood to be "semi natural background". The names reflect the natural composition (PC2), on one hand, while, anthropogenic influences (PC1) the sedimentation, on the other; for example, the results can point to various industrial activities in the region of interest. In Figure 5 the features are displayed using the rotated factor solution. This interpretation of the factor analytical solution is confirmed by the representation of factor scores at each sampling point on the river course (by default versus distance of flow). Figures 6a and 6b are position plots for observations corresponding to two factors. On the default "x" axis, the banks are presented as capital letters in a schematic way, and the equal distance between letters has no mathematical relationship and does not correspond to the real distances between the Polish and German banks through the river reach. It has to be strongly stressed that all values presented for the area in-between the main sampling sites are not obtained by measurement but by interpolation. High scores correspond to a high influence of a given factor at the sampling site. The results confirm that the solution found by the cluster analysis is considered an unsupervised technique. A plot of Factor 1 scores for different sampling sites shows that the sediment matrix composition is considerably different at the following four sites: 1A, 2A, 6A (German bank) and 4C (Polish bank). Two of three strongly polluted Odra subsections are directly related to the Odra tributaries: the estuary of the Odra-Sprewa channel (2A) and the estuary of the backwater channel passing through Cybinka (4C).
The highest content of Cd, Pb, Cr and Cu detected in the samples collected on the upper part of Odra River at the German bank (1A, 2A) and below the estuary of the backwater channel passing through Cybinka (4C), where the steelworks is located, and the surface run-off from cultivated fields is present. We assume that an industrial centre exists at the German bank. As shown in the plot of Factor 2 scores for different sampling sites, the sediment samples are highly polluted by Fe and Mn only in the general proximity of Frankfurt on Odra. We suggest that the relationship between Fe and Mn is "semi natural background," because the Frankfurt on Odra agglomeration is supplied in drinking water coming from Tertiary and Cretaceous underground springs. Before being introduced to the water distribution system, raw water is deironized and demanganized in a water treatment plant [50] [51] [52] . As a consequence, the Fe and Mn are immobilized on the filter packing and periodically backwashed. After backwashing, the wastewater is dumped into the Odra River. That is why it is possible to observe high contents of Fe and Mn in the bottom sediments in the proximity of Frankfurt on Odra .
Source apportionment
The PC score was computed for each PC identified above. These values were then converted to Absolute Principal Component Scores (APCSs), and the mass loadings for the samples (in mg·kg −1 ) were then regressed on the APCSs according to the procedure for aerosol samples presented by Thurston and Spengler [53] . The same approach has been successfully applied in many environmental studies of aerosol samples [54] , surface waters [55] , rainwater [56] and sediments and soils [57] , just to mention a few of the numerous applications. All the details of the procedure are described by others [53] . The important stages are:
(1) calculation of the rotated PC coefficients by applying the rotation transformation matrix to the PC score matrix; (2) computation of the rotated PC scores using the transformed matrix; (3) regression of a certain variable on the scores of components using conversion coefficients. The weighted least squares regression of heavy metal content values determined in the bottom sediment samples on the elemental APCSs yields significant regression coefficients (P<0.05) for all principal components considered, a significant intercept (i.e. impact of undefined sources) of 554.21 mg·kg −1 (4.43 % ), and an overall determination coefficient near to 1. The predicted and observed total content of heavy metals are well correlated.
As an example, a comparison of the estimated and measured total of heavy metals (mass content) and total content of Cd, Cr and Mn [mg·kg −1 ] is presented in Figure 7 .
The results indicate that the whole pollution caused by heavy metals on the reach of the river investigated is estimated as 12510.45 mg·kg −1 . The contribution of PC1 (totally) is 1130.94 mg·kg −1 (9.04 % ), and PC2 is 10825.29 mg·kg −1 (86.53 % ). In Table 5 , the PCA-derived source profiles are presented as a mass percentage for eight heavy metals (Cd, Pb, Cr, Zn, Cu, Mn, Ni, Fe) for which the PCs were characterized as "anthropogenic" and "semi-natural". It is apparent that the statistical significance of the receptor models is quite satisfactory, as indicated by the value of the determination coefficient R 2 for the comparison of the experimentally determined mass of the elements with that calculated using the model. Based upon the value of the intercepts, the results indicate that more than 10 % of the content of Cd and Cr are not described by the model. For other elements the intercept values do not exceed 10 % . The smallest values of the unexplained content of elements are obtained for Mn (4.2 % ) and Fe (4.3 % ). Moreover, the results indicate that in the Odra River ecosystem, the heavy metals produced by the water treatment plant located near large agglomerations play a major role in the total pollution. The impact of many factories (smelters, paper plants, steelworks or metallurgical facilities) is more than eight times lower compared to that of the Fe and Mn sources.
Analysis of the bioavailability of heavy metals introduced into river ecosystem according to the source apportionment indicates that the content of the heavy metals in bioavailable forms (fraction I+II) and introduced by "anthropogenic sources" are as follows [ 
Conclusions
Total amounts of heavy metals (Cd, Cr, Cu, Pb, Ni, Zn, Mn and Fe) in the samples collected at the 19 sampling points on the middle Odra River (Germany/Poland) indicate "not" to"negligible" pollution by heavy metals, according to PIG (Poland) and LAWA (Germany) criteria and "not" to "moderate" pollution according to the EPA (USA). The heavy metal content monitoring programme generates multidimensional data that, in some cases, requires multivariate statistical treatment for their analysis and the interpretation of the underlying information. The hierarchical CA helps to group the nineteen sampling sites belonging to seven cross-sections into two main clusters exhibiting similar characteristics pertaining to the content of heavy metals in bottom sediments connected with the major sources of pollution. The first group of samples is homogenous, because of the influence of anthropogenic sources (smelters, paper plants, steelworks, metallurgical facilities, water treatment plants). The second group contains the samples characterized as "not" or "moderately" polluted. The grey scale map, provided as a way to project the cluster analysis results, indicates a connection between the heavy metal content and the geographical localization of sampling points. The results indicate that the German bank is more polluted due to industrial activities, pollution connected with modern, but ecologically unfriendly agriculture activity, and water treatment plants located near big agglomerations. Two latent factors obtained by PCA application seem to determine the data structure and explain over 88 % of the total variance of the system providing a logical way identify the dominant"semi-natural"and"anthropogenic"sources of pollution in Odra River ecosystem. The greatest contribution to the first component ("anthropogenic") is obtained for Cd, Pb, Cr, Cu, Zn and Ni. With respect to the second principal component ("semi-natural"), the greatest contribution is obtained for Fe and Mn. Additionally, Fe and Mn have the highest values of bioavailable forms introduced by "semi-natural" sources (Fe -1031.90 mg·kg −1 , Mn -1265.42 mg·kg −1 ). The factor analysis proves to be a useful tool for identifing the main pollution sources in a river system and permitting detection of highly polluted sites. Further, the chemical composition of sources and their contributions to the total recorded heavy metal content are derived. These values are estimated by the calculation of the Absolute Principal Component Scores (APCSs) and the subsequent regression analysis of daily mass and species content on the scores. The multiple regression analysis indicates that the amount of heavy metal not described by the model varies from 4.2 % for Mn to 13.1 % for Cr. For Pb, Cd, Zn, Cu, Ni and the undefined sources the influence is estimated as 8-10 % . The predicted and observed total content of heavy metals in bottom sediments are correlated; the determination coefficient is approximately one, while for particular elements, the determination coefficient ranges from 0.81 to 0.85. The apportioning applied indicates that whole pollution caused by heavy metals on the Odra River reach is estimated as 12510.45 mg·kg −1 , and the contribution of "anthropogenic sources" is assessed as 9.04 % , whereas the "semi-natural" sources as 86.53 % . It means that in the Odra River ecosystem, the heavy metals coming from the water treatment plants located near large agglomerations play a major role in total pollution. The impact of industrial activities (sources of Cd, Pb, Cr, Zn, Cu, Mn and Ni) is more than eight times smaller as compared to the Fe and Mn sources. The environmental analysis of the bottom sediments indicate that the multivariate statistical strategies make it possible to obtain much more reliable information about the ecological system in question, and additionally it is useful for testing the sustainable development rule implementation. The environmental approach to the data set reveals new levels of information from a traditional environmental data collection and is a step forward in the understanding of the complexity of the environmental system. This also indicates that the new chemometric methods are becoming indispensable tools for the human efforts aimed at improving the conditions of life [7] .
